Background
Retinal detachment (RD) occurs when the neurosensory retina layer separates from the retinal pigment epithelium. RD involving the foveal center can lead to profound loss of vision [1] . In most cases, RD occurs following a full thickness retinal break, allowing the ingress of fluid from the vitreous cavity to the subretinal space, which can result in retinal separation and is so-called ''rhegmatogenous'' [1, 2] . A systematic review showed that rhegmatogenous RD incidence varied between 6.3 and 17.9 per 100 000 population, and was strongly associated with myopia, increasing age and certain vitreoretinal degenerations [3] . In addition to the loss of photoreceptors following RD, an inflammatory response also develops. RD triggers cell migration and proliferation and production of extracellular matrix proteins, which in turn results in the accumulation of vitreal and periretinal membranes, both hallmarks of proliferative vitreoretinopathy (PVR) [4] . In total, PVR occurs in 5-10% RD cases [5] . PVR can be detected during the late presentation of RD and complicate the post-operative period after a surgery for RD, leading to a re-detachment or limiting visual recovery [6, 7] . Clinical studies using adjuvant therapy for the treatment of PVR have been conducted, including anti-inflammatory agents, anti-neoplastic/anti-proliferative agents, anti-growth factor pathway inhibitors and antioxidants, etc. [6, [8] [9] [10] [11] . However, the results are often contradictory or inconclusive with only limited success.
Long non-coding RNA (lncRNA) is a group of non-coding transcripts 200-10 000 bp in length but lacks significant proteincoding capacity. They interact in a regulatory manner before, during and after transcription [12] . Salmena et al. made a competing endogenous RNA (ceRNA) hypothesis that lncRNA, mRNA and other RNAs might act as microRNA (miRNA) sponges to inhibit miRNA function through sharing the miRNA response elements (MREs), which is a complicated post-transcriptional regulatory network [13] . There is much evidence to support this hypothesis [14] [15] [16] . On one hand, miRNAs can combine with their target mRNAs and inhibit their expression in the ceRNA network. On the other hand, lncRNA can regulate gene encoding protein level and following cell biology by competing with miRNAs [15, 16] . Besides, each miRNA can influence up to hundreds of expressions of transcription, while each RNA transcription with different MREs can be targeted by multiple miRNAs [16, 17] .
In recent years, a growing number of studies have proven that the lncRNA-miRNA-mRNA regulation network is involved in the course of many diseases, including the tumors, Alzheimer disease and dermatitis etc. [12, 16, 18, 19] . However, whether the ceRNA network takes part in human detached retinas with PVR has not been studied. Here, we downloaded expression data from Gene Expression Omnibust (GEO) database (GSE28133). It contained 19 specimens from patients for severe retinal detachment with PVR and 19 normal control retina specimens from postmortem donors. Bioinformatics analysis and the ceRNA network were conducted to explore the pathological mechanism and potential therapeutic targets of retinal detachment with PVR.
Material and Methods

Tissue samples from the GEO database and bioinformatics analysis
The RNA expression data of tissue samples were obtained from GEO database. The dataset (GSE28133) contained 19 specimens from patients for severe retinal detachment with PVR and 19 normal control retina specimens from postmortem donors. Clinical and pathological features of patients were described [2] . All the samples were analyzed using Affymetrix Human Genome U133 Plus 2.0 Array.
Differentially expressed gene analysis
We used the "limma" package in R software to identify the differentially expressed genes (lncRNAs and mRNAs) between human detached retinas with PVR and the control group, with |log 2 FoldChange (FC)|>1.0 and adjusted P-value <0.05. Besides, mRNA and lncRNA annotation was performed using the Encyclopedia of DNA Elements (ENCODE) with ENSEMBL.
GO and KEGG functional enrichment analysis
To understand the potential biological functions and processes of differentially expressed genes, Gene Ontology database (GO, http://www.geneontology.org) and Kyoto Encyclopedia of Genes and Genomes (KEGG, http://www.kegg.jp/), as well as the "clusterProfilerGO" package and "clusterProfilerKEGG" in R software, were utilized to perform GO and KEGG pathway analysis. Records with P-value <0.05 and enrichment >2.0 were preserved.
Construction of the lncRNA-miRNA-mRNA ceRNA and protein-protein interaction (PPI) networks
Based on the hypothesis that lncRNA could sponge the common miRNA and thus prevent miRNA from binding to their target genes [20] , a ceRNA network was constructed. The mircode database (http://www.mircode.org/) was used for lncRNA to predict their targeted miRNAs. The miRNA-mRNA interactions were predicted by the miRTarBase (http://mirtarbase.mbc. nctu.edu.tw/), miRDB (http://www.mirdb.org/) and TargetScan (http://www.targetscan.org/). Finally, the predicted mRNAs were cross matched with the differentially expressed ones, and the mRNA with no negatively regulated lncRNA or miRNA were abandoned. The lncRNA, miRNA and mRNA with |log 2 FC| >1.0 and adjusted P-value <0.05 were preserved. Construction and visualization of the lncRNA-miRNA-mRNA ceRNA network were conducted using Cytoscape v3.6.1. Besides, PPI network of mRNAs involved in the ceRNA network was set up with high confidence (0.700) by String (https://string-db.org/).
Results
Differentially expressed lncRNAs and mRNAs between the human detached retinas with PVR and normal controls
Clinical characteristics of patients were described in the previous study [2] . In total, 994 genes were significantly changed between human detached retinas with PVR and normal human retinas with thresholds of |log 2 FC| >1.0 and adjusted P-value <0.05, as is shown in the volcano map ( Figure 1A ). Among Type Type Type Con RD them, 23 genes were lncRNA, with 16 genes downregulated and 7 genes upregulated. The aberrantly expressed lncRNAs can be viewed in the heatmap ( Figure 1B ) and their gene IDs and log 2 FC are listed (Table 1 ), in which the 9 lncRNAs taking part in the ceRNA network were marked with asterisk keys. Besides, 971 mRNAs were identified as differentially expressed in which 655 (67.46%) were upregulated and 316 (32.54%) were downregulated. The differentially expressed mRNA levels were also presented in the heatmap ( Figure 1C ).
Functional enrichment analysis of differentially expressed mRNAs
GO and KEGG pathway analyses allow for the molecular function and signal pathway annotation of dysregulated mRNAs. Records with P-value <0.05 and enrichment >2.0 were preserved. The complete list of the 74 terms of GO analysis is presented in Supplementary Table 1 . The top 20 GO terms were visualized in the bubble diagram and the most enriched pathways were the cell adhesion molecule binding (GO: 0050839), actin binding (GO: 0003779) and enzyme inhibitor activity (GO: 0004857), which contained 60, 49, and 44 genes respectively. As shown in Figure 2A ), 13 GO terms of the top 20 took part in the binding function of the cell.
The KEGG pathway analysis indicated that 39 pathways were associated with differentially expressed mRNAs (Supplementary Table 2 ). The top 20 KEGG pathways enriched are visualized in the bubble diagram ( Figure 2B ). 
Construction of a ceRNA network and PPI network in the human detached retinas with PVR
To further understand how lncRNA regulates mRNA through combining with miRNA in human detached retinas with PVR, a lncRNA-miRNA-mRNA (ceRNA) network was constructed. Consequently, we found that 9 lncRNAs interacted with the 27 miRNAs in the ceRNA network using the miRcode database ( Table 2) . A total of 1269 miRNA-targeted mRNAs based on the 27 miRNAs was predicted through miRDB, miRTarBase, and TargetScan databases. MiRNA-targeted mRNAs which were not contained in the differentially expressed mRNAs, which were discarded, and the 73 mutual mRNAs which were preserved ( Figure 3A , Table 3 ). Finally, 9 lncRNAs, 27 miRNAs, and 73 mRNAs constituted the ceRNA network ( Figure 4) . Besides, KEEG pathways enriched by mRNAs in ceRNA network showed that most of them were bound with the PI3K-Akt signaling pathway and human cytomegalovirus infection ( Figure 3B ). The PPI network constructed for the 73 mRNAs furnished 21 genes with high confidence 0.700 ( Figure 3C ).
Discussion
PVR is known to complicate the post-operative period after a surgery for RD, leading to a re-detachment or limiting visual recovery. Traditional adjuvant therapy included anti-proliferative agents, anti-inflammatory agents, and anti-growth factor pathway inhibitors. But so far, studies for the treatment of PVR report limited success [6, [8] [9] [10] [11] . The previous study detected expression profile of 19 PVR patients and controls, but only focused on part of differentially expressed mRNAs [2] . Neither GO and KEGG functional analysis nor construction of ceRNA network were established. Thus, we re-analyzed the published microarray data of GEO database (GSE28133).
In our analysis, we found 971 mRNAs significantly differentially expressed in the human detached retinas with PVR compared to normal human retinas. The GO pathways enriched by the differentially expressed mRNA showed that main pathways of the top 20 took part in the binding function of the cell, such as cell adhesion molecule binding which contained CLIC1 (logFC=2.76), S100A11 (logFC=4.31) and ICAM1 (logFC=3.06), etc. Chloride intracellular channel 1 (CLIC1), and S100 calcium-binding protein A11 (S100A11) were positively correlated with cell proliferation, invasion, and migration and angiogenesis [21, 22] . Intercellular adhesion molecule-1 (ICAM1) is involved in the adhesion of leukocytes to the blood vessel wall [23] . Such significantly dysregulated genes involved in cell adhesion and binding function may have an important role in PVR pathogenesis and deserve more exploration. The KEGG pathways showed that infection and Phosphoinositide 3-kinase (PI3K)-Akt signaling pathway come out in front in RD tissues with PVR. Cytomegalovirus, chlamydia trachomatis, and human immunodeficiency virus have been confirmed in many RD cases [24] [25] [26] [27] . These are in conformance with our analysis and remind us of necessary etiological detection for tissues in vitreous cavity and possible targeted treatment. PI3K plays a crucial role as a mediator of growth factor signaling, cell proliferation, cell survival, and apoptotic inhibition. As the major component of the extracellular matrix in PVR, type I collagen was found to be regulated by the PI3K/Akt pathway in human retinal pigment epithelial cells [28] . Treatment targeting PI3K/Akt pathway to prevent PVR after surgery is worth being studied.
The miRNA is an extensive class of endogenous, noncoding and single-strand RNAs with 18-24 nucleotides that negatively regulates gene expression through interacting with the 30-untranslated regions (30UTR) of their target mRNAs [29] . Thus, miRNAs have essential roles in homeostasis and pathogenesis [29] . In the eye, various miRNAs could act on the retina and have an important role in neuroprotection and angiogenesis [30] [31] [32] . In our analysis, 27 miRNAs were predicted by the 9 lncRNAs in the ceRNA network using the miRcode database. MiR-107, miR-125a-5p, miR-17-5p, miR-20b-5p, and miR-27a-3p interrelated with 7 or more protein-coding genes, which may play a more important role in ceRNA network. These aberrantly expressed miRNAs also played key roles in multiple biological processes of various diseases [33] [34] [35] . For example, miR-107 was reported to inhibit cell migration and invasion by modulating Notch2 expression and regulate autophagy and apoptosis by targeting TRAF3 [36, 37] . However, the influence of these miRNAs on PVR is rarely explained.
Compared with protein-coding genes and miRNAs, lncRNAs have significant advantages as prognostic biomarkers or therapeutic targets [38, 39] . LncRNA regulates gene encoding protein level and participates in the regulation of cell biology through competing with miRNAs in the ceRNA network. There were 23 lncRNAs that were detected to be significantly differentially expressed in the human detached retinas with PVR and 9 of them were involved in the ceRNA network. The most upregulated lncRNA in the ceRNA network is reported to be HCP5. HCP5 was reported to express mainly in the immune system and often considered to be associated with herpes zoster and cancers [40, 41] . HCP5 can promote cancer via the PI3K/AKT pathway, which was found to be the most enriched in the KEGG pathways by mRNAs in the ceRNA network [40] . In our analysis, HCP5 was also predicted to interact with 16 miRNAs. Other notable lncRNAs in the ceRNA network reported have included TDRG1 and MIAT [42, 43] . TDRG was reported to promote the proliferation and progression of cells through PI3K/Akt/mTOR signaling [42] . Targeting MIAT was found to protect against myocardial hypoxia/reoxygenation injury, but its function in RD and PVR has not been studied [43] . In addition, MALAT1 was also found to be significantly upregulated in the fibrovascular membranes and the peripheral blood samples of PVR patients.
In vitro studies revealed a critical role of MALAT1 in RPE proliferation and migration [44] . However, studies that focus on the function of lncRNA as miRNA sponges in human RD and PVR are in deficiency.
Our analysis revealed how specific lncRNAs interact with miRNAs and mRNAs through the successful construction of a lncRNA-miRNA-mRNA network in human detached retinas with PVR. This may reveal unknown pathological mechanisms of RD with PVR, which may help to provide potential therapeutic targets. However, we did not conduct quantitative real-time polymerase chain reaction analysis to validate the results of our bioinformatics analysis. The results would be more convincing with such verification experiments.
Conclusions
We demonstrated the differential expression profiles of lncRNAs, and we constructed a lncRNA-associated ceRNA network in human retinal detachment with PVR. Our analysis may contribute to increased understanding of the pathogenesis of human retinal detachment with PVR and provide novel lncRNAs as potential therapeutic targets. GO 
